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PreviewsPeroxisomes: Another Branch
of the Secretory Pathway?
The question of whether new peroxisomes form au-
tonomously has been a subject of debate for more
than 30 years. In this issue of Cell, Hoepfner et al.
(2005) present the most compelling evidence to date
in support of a role for the endoplasmic reticulum in
the creation of peroxisomes.
The peroxisome is an important cellular compartment
that houses enzymes such as catalase that oxidize a
variety of substrate molecules. Peroxisomes have long
been assumed to proliferate autonomously and have
been considered, along with mitochondria and chloro-
plasts, as organelles that are essentially independent
of the network of secretory-pathway membranes in the
cell that communicate by movement of vesicles. How-
ever, the authors of cell biology textbooks may wish to
reconsider this view when they write their next edition
in light of the discovery reported by Hoepfner and col-
leagues (2005). These authors clearly document that
Pex3p, an integral membrane protein essential for per-
oxisome proliferation in yeast, is assembled in the en-
doplasmic reticulum (ER) and then buds from the ER to
form new peroxisomes.
What was the basis for arguing that peroxisomes
seed their own growth? Negative evidence has sus-
tained the belief that peroxisomes are autonomous. Un-
til quite recently, analysis of thin sections by electron
microscopy yielded only occasional profiles of peroxi-
somes budding from other organelles (Purdue and La-
zarow, 2001). No evidence of peroxisomal glycopro-
teins or membrane constituents of secretory origin
have survived the test of time. In the budding yeast
Saccharomyces cerevisiae, a large number of genes
have been implicated in peroxisome biogenesis, none
of which are involved in other pathways of membrane
assembly (Purdue and Lazarow, 2001). Conversely,
yeast sec mutants and drugs that block early stages
in the secretory pathway appear to have no effect on
peroxisome proliferation (South et al., 2000, 2001).
If peroxisomes arise from a pre-existing organelle,
how does one explain the observation that peroxisome-
deficient yeast mutants are restored to normal by re-
introduction of the missing gene? Without a parent per-
oxisome, restoration of a missing peroxisome assembly
factor should have no effect because the factor has
nothing with which to work. At least in the case of Zell-
weger’s syndrome, in which patients and cells cultured
from these patients lack functional peroxisomes, ves-
tigial peroxisome membrane profiles have been re-
ported that may serve to nucleate the proliferation of a
new organelle (Santos et al., 1988). However, in S. cere-
visiae, some of the pexmutants appear to have no such
remnant organelle and yet peroxisome proliferation is
restored on re-expression of the missing Pex protein.
Given the densely packed yeast cytoplasm and the dif-ficulty in yeast specimen preparation, the absence of
peroxisomal remnants has not been taken seriously.
At least some evidence supporting a role for the ER
and the secretory pathway in peroxisome proliferation
emerged from studies of another yeast, Yarrowia lipo-
lytica. Several studies of peroxisomal glycoproteins in
this organism and secretion mutants that block peroxi-
somal proliferation were used to argue that there was a
branch in membrane trafficking to the peroxisome that
originated in the ER (Titorenko et al., 1997; Titorenko
and Rachubinski, 1998). However, the absence of cor-
roborating evidence from studies of S. cerevisiae and
mammalian cells made these conclusions difficult to in-
terpret. In contrast, two conserved Pex proteins (Pex1
and Pex6) show significant homology to AAA ATPases
known to be involved in SNARE-mediated vesicle fu-
sion. Thus, it seemed likely that precursor vesicles fuse
to create functional peroxisomes (Titorenko and Rachu-
binski, 2000), although the origin of such precursor ves-
icles remained controversial.
Other cell fractionation and morphological studies
yielded results consistent with a role for the ER in per-
oxisome biogenesis. Two peroxisomal membrane pro-
teins, PMP70 and Pex13p, in mouse dendritic cells ap-
pear on ER membranes and assemble together close
to a peroxisomal reticulum from which mature peroxi-
somes appear to arise (Geuze et al., 2003). However,
an obligate ER origin for these peroxisomal membrane
proteins has been difficult to establish.
In their new study, Hoepfner et al. provide the most
convincing evidence to date in support of a role for the
ER as the origin of the peroxisome. The Pex3p protein
of S. cerevisiae, one of the few bona fide transmem-
brane proteins required for peroxisome biogenesis, is
assembled directly in the ER membrane where it colo-
calizes with ER marker proteins as assessed by fluores-
cence microscopy and cell fractionation analysis. In
contrast to earlier studies, which used overexpression
of Pex proteins (Elgersma et al., 1997), Hoepfner et al.
were careful to ensure expression of Pex3p at physio-
logic levels. Newly synthesized Pex3p clusters in
patches on the ER and then gradually coalesces in new
structures representing freshly minted peroxisomes.
Pex19p, a prenylated cytosolic protein implicated in the
assembly of other Pex membrane proteins, binds to the
Pex3p patches and appears to be essential for the exit
of Pex3p from the ER. Given previous evidence against
a role for the standard Sec machinery in trafficking of
peroxisomal membrane carriers, the authors propose a
new model. This model suggests the existence of an
entirely distinct budding system that generates small
peroxisomal precursor vesicles, or some alternative
membrane blebbing or tubulation process. Such vesi-
cles or tubules may fuse homotypically to create the
functional organelle (see Figure 1). Once fully formed,
the functional peroxisome acquires all of its membrane
and soluble protein components directly by posttrans-
lational import of precursor proteins synthesized by
soluble ribosomes.
The mechanism used to segregate Pex3p and possi-
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Figure 1. Where Do New Peroxisomes Come from?
Peroxisomes may form by the budding of vesicles (pale orange)
from the ER in a pathway that is distinct from that producing secre-
tory transport vesicles (green) from the ER. In the secretory path-
way, vesicles carry membrane and cargo proteins to the Golgi ap-
paratus; other vesicles retrieve some of the membrane material
from the Golgi and return it to the ER. Pex3, an integral protein
required for peroxisome formation, appears to originate in the ER
and be packaged into vesicles (pale orange) by a budding or bleb-
bing process that requires the Pex19 protein. Small precursor vesi-
cles may fuse under the direction of two AAA ATPase proteins,
Pex1 and Pex6, to form the functional large peroxisome (dark
orange).bly other peroxisomal proteins into a patch for budding
from the ER now becomes accessible. How would such
a budding mechanism sort peroxisomal from secretory
cargo (membrane and luminal) proteins? An obvious
experiment would be to evaluate the clustering of
Pex3p tagged with yellow fluorescent protein in cells
harboring mutations in coat proteins such as COPI,
COPII, and clathrin. If such mutations produced an ef-
fect on peroxisome biogenesis, the role of the standard
budding machinery would have to be re-evaluated.
However, if no effect is observed with these mutants,
one could screen the collection of yeast deletion mu-
tants for candidate genes involved in peroxisome bio-
genesis. Alternatively, a purely biochemical approach
based on a cell-free Pex3p budding reaction may reveal
a new cellular machinery for budding of Pex3p from the
ER. Clearly, many new genetic and biochemical studies
will flow from the Hoepfner et al. work. Who said yeast
cell biology was dead?
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